The title com pound has been obtained by arc-melting of the elemental components and subsequent annealing at 800 °C. It crystallizes in the orthorhombic space group Immm, a = 430.3(1), b = 1235.0(2), c = 967.6(3) pm, V -0.5142(2) nm3, Z = 2. The structure has been determ ined from single-crystal X-ray data and refined to R = 0.0181 for 747 F2 values and 28 variables. It is of a new type and can be described as a ternary ordered version of the binary La3A lu -type structure. Dy3Co6Sn5 is built up from DyCo2Sn2 and DyCo2Sn slabs with ThCr2Si2 and Cu3Au-like atomic arrangements, respectively. Its crystal chemistry is com pared with that of structurally related rare earth transition metal gallides.
Introduction
Recently, we reported on the crystal structures of the actinoid transition metal stannides A nT2 _*Sn2 _>, with An = Th, U and T = Co, Ni, Cu [1 ] which exhibit interesting physical properties [2] [3] [4] [5] , These stannides crystallize in the CaBe2G e2-structure [6 ] with significant defects on both the transition metal and the tin sites. One might expect that formation of such defects should result in superstructures or ordered defect ver sions, however, no such structures have been re ported for these stannides.
We have now extended our investigations to the corresponding rare earth systems. Ternary dys prosium cobalt tin samples of the composition close to 1 :2 : 2 crystallize very well, but their powder patterns are different from those of the CaBe2G e2-type. A single-crystal investigation lead to the correct composition Dy3Co6Sn5 reported in the present paper.
Sample Preparation and Lattice Constants
Starting m aterials for the preparation of Dy3Co6Sn5 were ingots of dysprosium (Johnson M atthey), cobalt powder (Ventron, 325 mesh), and tin granules (M erck), all with nominal purities greater than 99.9%. The dysprosium ingots were cut into small pieces, mixed with the cobalt pow-* Reprint requests to R. Pöttgen. der in the ideal atomic ratio and cold-pressed to small pellets ( 0 8 mm). The pellets were then re acted together with the tin granules under an ar gon atmosphere (about 600 mbar) inside an arcmelting furnace. The argon was further purified by molecular sieves, titanium sponge at 900 K, and an oxisorb catalyst [7] , To ensure homogeneity, the samples were m elted several times and turned around between the different meltings. A fter sev eral meltings, the weight losses did not exceed 1 %. The arcmolten buttons were subsequently sealed into evacuated silica tubes and annealed at 800 °C for ten days. Powdery Dy3Co6Sn5 is dark grey. Sin gle crystals have metallic lustre. Compact samples and coarse powder are stable in air. No deterior ation could be observed after several weeks.
The orthorhombic lattice constants were ob tained by least-squares fits of the Guinier powder data. CuKaj radiation was used with silicon (a = 543.07 pm) as an internal standard. To assure cor rect indexing, the observed patterns were com pared to the calculated ones [8 ] taking the atomic positions as obtained from the single crystal struc ture refinement. The lattice constants are given in Table I .
Structure Determination
Single crystals of Dy3Co6Sn5 were isolated from the crushed button after the annealing process. They were investigated using a Buerger precession camera in order to establish both symmetry and suitability for intensity data collection. The pre-0932-0776/95/0200-0175 $06.00 © 1995 Verlag der Zeitschrift für Naturforschung. All rights reserved. cession photographs showed the orthorhombic Laue symmetry mmm, and the only systematic ex tinctions were those for a body-centered lattice. This led to the space groups Immm, Imm2, 1 2 12 12 1, and 1 2 2 2 of which the centrosymmetric group Immm (No. 71) was found to be correct dur ing the structure refinements. Intensity data were collected with the help of an autom ated four-circle diffractom eter (CAD 4) using graphite monochromatized A gK a radiation and a scintillation counter with pulse height dis crimination. Experim ental details are listed in Table I .
The starting atomic param eters of the dys prosium and tin atoms were deduced from an in terpretation of direct methods [9] , while the cobalt atoms were located in subsequent difference Four ier syntheses. The structure was then sucessfully refined using SHELXL-93 [10] , which minimizes a weighted square residual "wR 2" from all data using structure amplitudes IF2 1 rather than struc ture factors F. The standard residual UR 1" is calcu lated for comparison only. The final results are listed in Table I . A final difference Fourier syn thesis gave no indication for the occupancy of ad ditional atomic sites. The positional param eters and interatomic distances are listed in Tables II  and III. A listing of the ovserved and calculated structure factors is available.* Discussion Within the ternary system dysprosium -co balt -tin, three compounds, DyCo6Sn6 [11] , DyCoSn [12] , and Dy7Co6Sn23 [13] , have been characterized. We have now established the new orthorhom bic stannide Dy3Co6Sn5 in this system. Dy3Co6Sn5 represents a new structure type. It may be described as a ternary ordered version of the La3A ln type structure [14] with the D y l, Dy2, C o l, C o 2, S n l, and Sn2 atoms on the L a i, La2, A14, A13, A ll, and A12 positions of La3A ln , re spectively. Up to now, such ternary compounds with the La3A ln structure have only been ob served in the ternary systems rare earth transition metal gallium. Recently, Grin and coworkers re ported the crystal structure of Yb3Au5 5 G a5 5 [15, 16] which is a superstructure of La3A ln . In contrast to Dy3Co6Sn5, were all sites are com pletely ordered, however, some transition metal positions in Yb3Au5 5 G a5 5 show mixed occupancy Table II with gallium atoms. This was also observed for the series R E sA g^G an^ (x = 2.6-3.8) [17] and sev eral other rare earth transition metal gallides with nickel and copper as the transition metal com po nent [18] [19] [20] , The crystal structure of Dy3Co6Sn5 is shown in Fig. 1 . Although the composition of Dy3Co6Sn5 is very close to 1:2:2, this is 1:2:1.667, the phase does not crystallize with a defect ThCr2Si2 [2 1 ] or CaBe2G e2 [6 ] structure. Only some fragments of the Dy3Co6Sn5 structure resemble the ThCr2Si2 type. As already stated by Parthe and Chabot [22] , the La3A lu type may be described as a periodic intergrowth of Cu3Au-columns and BaAl4 col umns according to LaA l3 + 2L aA l4 = La3A ln . These building elements therefore also occur in the ternary variants of La3A ln as shown for H o3Ni2G a9 [20] by Parthe and Chabot [22] and for Yb3Au5 5 Ga5 5 by Grin et al. [15, 16] . While the BaAl4 and Cu3Au segments are only slightly dis torted in these two gallides, they are strongly dis torted in Dy3Co6Sn5 as shown in Fig. 2 . These seg ments in the stannide have the compositions Dy2Co4Sn4 = 2D yC o2Sn2 for the BaAl4 segment and DyCo2Sn for the Cu3Au segment, respectBaAg2Sn2 Fig. 2 . Structural segments in the structure of Dy3Co6Sn5, compared to the crystal structures of BaA g2Sn2 (ThCr2Si2 type) and the high-pressure form of DySn3 (Cu3Au type), respectively. Atom designations for the rare earth (alkaline earth), transition metal and tin atoms are the same as in Fig. 1. ively. Despite of that, both of these segments are unknown as proper phases. The Cu3Au structure is only known for the high-pressure form of DySn3 [231. DyCo3 adopts the rhombohedral structure of NbBe3 [24] .
The BaAl4 segment of composition DyCo2Sn2 in Dy3Co6Sn5 has a ThCr2Si2-like atomic arrange ment. For stannides, the ThCr2Si2 type structure has up to now only been observed for BaAg2Sn2 [25] , SrAg2Sn2 [26] and BaMn2Sn2 [26] . All other 1 :2 :2 stannides, e.g. CeT2Sn2 (T = Ni, Cu, Rh, Pd, Ir, Pt) [27, 28] , BaZn2Sn2 [6 ] , R EN i2Sn2 (R E = L a -N d , Sm) [29] , LaCu2Sn2 [30] , CeCu2Sn1 9 [31] , and SmCu2Sn2 [32] crystallize in the CaBe2G e2-type structure [6 ] .
The dysprosium atoms in Dy3Co6Sn5 occupy two different atomic sites. They have high coordi nation nunmbers (CN) with cobalt, tin and dys prosium atoms in their coordination shells, as is typical for intermetallic compounds. The coordi nation num ber for D y l is CN 18 ( 8 [12] . In contrast, there is a large difference between the average D y -S n dis tances. While the average D y l-S n bond length equals about 341.6 pm, the average D y 2 -S n dis tance of 318.6 pm is significantly shorter. This may be due to the different coordination geometry of the dysprosium atoms (two dysprosium neighbors for D y l and one for Dy2), shown in Fig. 1 . The average D y 2 -S n distance is even shorter than the sum of the metallic radii of 339.6 pm, using the data of Teatum, Gschneidner and Waber [33] , given for coordination num ber 12. In DyCoSn, the D y -S n distances range from 293.4 pm to 340.0 pm with an average value of 316.9 pm [12] , com para ble with the values for Dy2 in Dy3Co6Sn5.
The coordination numbers of the cobalt atoms are smaller than those of the dysprosium atoms: CN 12 for C o l (4 Co + 4Sn + 4D y) and CN 11 for Co2 (3Co + 4Sn + 4Dy). The C o -C o and C oDy distances are very similar for both cobalt atoms (see Table III ). However, the average Co 2 -Sn distance of 261.3 pm is somewhat shorter than the average C o l -S n bond length of 273.7 pm. The sum of the metallic radii amounts to 287.5 pm [33] . In DyCoSn, the C o -S n distances range from 255.7 pm to 274.6 pm with an average distance of 265.1 pm.
Considering both the coordination polyhedra of the dysprosium and the cobalt atoms, it is evident that the strong distortions of the DyCo2Sn2 and DyCo2Sn segments inside Dy3Co6Sn5 (see Fig. 2 ) result in the large differences in the coordinations. This is even more pronounced when loking at the coordination polyhedra of the tin atoms. They have both CN 12, however, Sn 1 with 8 Co and 4 Dy atoms, and Sn2 with 4 Co, 3 Sn and 5 Dy atoms. Thus, the coordination shells are quite dif ferent for both tin sites. While the S n l atom has no S n -S n contacts, there are three tin atoms in the coordination shell of Sn2: one Sn2 at 303.3 pm and two more Sn2 at 334.6 pm. The short S n -S n distance must certainly be considered as bonding when compared to the structure of /3-tin. There one finds four nearest neighbors around each tin atom at 302 pm, and two more neighbors at 318 pm and four more at 332 pm [34] . The average S n -S n distance of the ten nearest Sn atoms in ß-tin is 317.2 pm. Similar S n -S n distances are typi cally observed in stannides of the early transition metals, e.g. MoSn2 (292.3 pm -362.4 pm) [35] , VSn2 (311.6 pm -352.8 pm), NbSn2 (315.3 p m -363.1 pm), and CrSn2 (299.5 pm -350.2 pm) [36] . 
